Introduction
In this article we describe how the study of a set of thin superconductiong network of strips and rings leads to a simple variational problem on an imbedded graph.
It turns out that this variational problem on a singular manifold is obtained as the limit of a more complicated problem on a thin manifold with boundary, which is an appropriate fattening of the graph.
A similar problem has been treated in [45] for the case of a ring. From the physical point of view, this case is related to the Little-Parks experiment [36] , [37] (which is one of the well known démonstrations of the physical effect of a vector potential in a région where its curl, the magnetic field, vanishes.)
The article [45] gave a justification of the équation used in [12] and [13] to predict previously unobserved behavior in the Little-Parks setup.
Parks conjectured in [44] that for a multiply connected mesoscopic structure, the order parameter could vanish at some points (in the one dimensional model) stopping the current from flowing in the corresponding branch. Bruydoncx et al recently performed a set of experiments on multiconnected mesoscopic superconducting strips [14] , and they found oscillations which differ qualitatively from those described by Little and Parks. The theory of these oscillations has not yet been formulated, but it is clear that there is much interest in mesoscopic superconducting structures.
The reason for the présence of this article in this volume is that the limiting process that we perform is reminiscent of works of Yves Colin de Verdière [25], Bruno Colbois and Colette Anne [4], [5], [6]
, [7] . The second author of this article realized in March 1997 that studying the limit of a Laplace operator on an almost singular manifold, for instance a smooth manifold with thin handles glued to it, or a smooth manifold with small holes, had been very active subjects, with few connections to physical applications.
On the other hand, we were aware of an extensive literature of applied mathematics around Ciarlet, Le Dret, Destuynder and other authors [19] , [20] who systematically derived mechanical models of lower dimensional structures by passing to the limit on the thickness of structures of higher dimension, possibly with junctions between structures of different dimensionality. At the beginning of this systematic effort the thin structures themselves were flat. The theory of shells is the typical scientific subject where thin structures and geometry meet; much has been done there, and much remains to be done: see for instance [22] , [23] , [24] and their extensive bibliography, and also, with time or pseudo-time dependence, [8] , [26] .
It is a pleasure to thank here the organizers of the seminar, and in particular H. Pesce, to whose memory this volume is dedicated, for giving the opportunity to the second author to talk to an audience of geometers about problems of physical origin. The exercise has been quite unusual, and quite éducative, at least for the speaker, and hopefully also for the audience of the seminar.
We are also grateful to Giles Richardson for discussions pertaining to this article, and a careful reading of an early version.
About models of superconductivity
For this section, we have intensively used [28] and [51 ] which are among the basic books of the field; moreover, the recent book [35] has proved very useful.
On multiply connected mesoscopic superconducting structures 209 Superconductivity has been discovered in 1911 by Kamerlingh Onnes in Leiden, who observed that "the electrical résistance of various metals such as mercury, lead and tin, disappeared completely in a small température range at a critical température T c " [33] . Another feature of superconductivity discovered by Meissner and Ochsenfeld [42] is that a magnetic field applied to a superconductor is expelled from it as it is cooled below T c : this is the Meissner effect. Thus, the superconductor is a diamagnetic material: the induction B vanishes inside the sample.
The existence of such a réversible Meissner effect implies that the superconductivity will be destroyed by a critical magnetic field H c . This thermodynamic critical field H c has been found empirically to be quite well approximated by a parabolic law For a mathematical study of this phenomenon, see for instance [17] and [10] .
In both cases, the phase transitions are altered when the material is "dirty" i.e. contains impurities or defects; in particular, for type II superconducting materials, the vortices can be pinned at the defects, which causes some very important hystérésis phenomena. This short history cannot be concluded without mentioning two other facts: the first one is that the discovery of the first high température superconductor with a critical température of 35 K (11] has challenged theoreticians and experimentators for the last eleven years. Since that time, the largest T c attained is about 130 K for mixed oxydes of thallium, baryum, calcium and copper; the second is that there does not yet exist a good theory of time dependent superconductivity on which physicists definitely agrée.
Thefirsttheoryofsuperconductivity is the

A GL model on multiconnected thin strips
The graph M is an imbedded finite planar graph; it has a set of edges ê identified with curves in R The last condition we impose on Af is a transversality condition: for every v e T, and for every distinct éléments Ç and qofjiv), 
If 7 equals (aj,bj), we use the simpler notation Sj{e) -Sj(£Aa jf bj))
and wesay that Sj{e) is the strip of width 2s centered in the j-th arc of M; if I is one of the intervals (a jt (dj + bj)/2) or ((üj + bj)/2, bj)), we say that Sj(s, 1) is a half-strip.
We dénote O (e) the union of the strips Sj(e).
For all n > 0, let V (n) the union of the balls of radius r\ around the vertices of M. Our assumptions, and in particular (3.4), imply that there exist strictly positive numbers f 0 and R such that for all f € (0, f 0 ). any two distinct half strips intersect only inside V(R £ ). Hère y = | ƒ | and k is a vector taking discrete values (3.21). The number |J2?| of unknown integers is the dimension of the cohomology group of degree 1 of û{e); it is also the number of independent cycles of M.
The "lace" €(E) is defined for e e (0, fo): it contains ó(t) and is contained in
